Abstract-The work is devoted to the experimental researches of the Mandelstam -Brillouin backscatter spectrum in the specialized single-mode optical fibers such as the erbium-doped optical fiber and the polarization maintaining optical fiber -"Panda". Analysis of the experimental results shown considerable differences in dependences of the erbium-doped optical fiber and "Panda" optical fiber from the same dependences of other fiber types (G.652, G.653, G.655, G.657).
II. THE THEORY
The Brillouin reflectometry method is based on the analysis of the Mandelstam -Brillouin backscatter spectrum (MBBS) in the OF. The MBBS components frequency is shifted on the value proportional to the OF strain and OF temperature which have important capabilities [1 -8] .
Analyzing the back-reflected waves it is possible to define the MBBS along the fibers and find out the strain properties along the OF by researching the MBBS peak positions in the OF [4 -7] .
A power of the pump radiation for EDF which is used in EDFA commensurate with the threshold of input signal power of Brillouin optical time-domain reflectometers (BOTDR) implementing the Brillouin reflectometry method.
When pumping radiation from the high-power laser is introduced in the EDF, a large number of boundary electrons of erbium ions are transferred from the basic state at the highenergy level creating an active environment for the light gain. The most used pump wavelengths are 980 nm and 1480 nm. In passing of the optical signal with a wavelength of 1550 nm through the EDF (or with wavelengths in the range of 1520 -1620 nm) particles from the metastable state back to the datum level that leads to the generation of photons identical to the photons of the input light signal. This results in the gain of the input optical signal [1 -3] .
Taking into account that the EDF can have significant differences in the characteristic behavior of the MBBS, the investigation of these characteristics at different power levels of the input signal and the fiber temperature changes is of the utmost interest.
The "Panda" fiber is one of the polarization maintaining OF types preserving the polarization state entered radiation due to the significant birefringence. This birefringence is result of the stress anisotropy caused by OF structure, owing to mass into the work-piece cylindrical strong loading elements from germanosilicate glasses on both sides of the core symmetrically along OF length.
A cross-section of the "Panda" OF is shown in Fig. 1 . The OF cladding diameter is 80.5 μm, the diameter of the OF core is 6.4 μm, the diameter of the cylindrical loading elements is 17.2 μm. r 1 = 6,6 μm, r 2 = 15,2 μm.
The "Panda" OF can have significant differences in the MBBS characteristic behaviors. Investigations of these characteristics with different power level of the input signal and temperature changes are of the utmost interest.
III. STATEMENT OF THE PROBLEM
Experimental researches with BOTDR "Ando AQ 8603" with the assistance of CJSC "Moskabel-Fujikura" were performed to study the MBBS behavior in the "Panda" optical fiber.
MBBS properties of some other types of single mode optical fibers (G.652, G.653 (dispersion-shifted fiber -DSF), G.655 (non zero dispersion-shifted fiber -NZDSF), G.657 (OF with high resistance to bendings)) and their dependences on stress and temperature were investigated in the earlier papers [5 -8] .
IV. EXPERIMENTAL RESULTS
In the next experiments with EDF (EDF "HE-980", diameter is 80 μm, length is 0.7 m) the optical waveguide consisted of normalizing coil OF (G.652 with length of 240 m), welded with EDF, which in turn is welded with OF G.657 with length of 15 m. At the EDF ends loop including 1.5 m of OF-G.652 on one side and on the other side 1.5 m of OF-G.657 was formed, which was placed in cooling or heating chamber. (A small length of the EDF is not allowed to reach a close-cut separation of sections characteristic with changed temperature as it was done in earlier experiments with other types of OF [5 -8] .) Thus, the strain of the EDF is about -0.3 %, while the strain of the OF-G.652 and G.657 is about -0.05 % and differs slightly.
As the result, Brillouin frequency shift (f B ) for the EDF changed from 10.7 GHz to 10.8 GHz under changes of temperature from -10 C to +130 C, while the strain of the EDF changed from -0.35 % to -0.14 %.
The linear dependence of f B and the relevant strain characteristics are observed in EDF as in the case of different OF types discussed in works [5 -8] .
As follows from experiments, the EDF temperature dependences of the strain and Brillouin frequency shift (f B ) pass above than the corresponding characteristics of the NZDSF (non zero dispersion-shifted single mode fiber -G.655) [6, 8] , but pass below than the same characteristics of the G.657 and G.652 fibers [5 -8] .
The detailed dependence of losses along the optical waveguide at the room temperature and the normal power level of the input signal in the OF is shown in Fig. 4 .
A rise ("hump") about 3 dB on the characteristics of the losses is well marked in Fig. 4 .
The maximum of this "hump" coincides with the middle of the EDF (Fig. 1 and Fig. 2 ). The distance in the reflectogram is 245.5 m. Similar effects weren't observed in other types of fibers [5 -8] .
With normal level of the input signal ("Norm", Fig. 4 ) the signal level in the beginning of the investigated section is 43.0 dB, and the rise is observed to the level of 40.0 dB.
With the change of input signal power level these effects (the characteristic rise in the graph of losses by 3 dB at the distance which corresponds to the middle of EDF) are reserved.
The signal strength is 43.5 dB in the beginning of the investigated section, the rise is observed to the level of 40.9 dB at peak radiated power ("High") carry in the OF.
With a low signal level ("Low") this level is reduced to 41.7 dB, and a rise is observed to the level of 38.5 dB.
The average values of f B and OF strains haven't changed.
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In the next experiment the MBBS was investigated in light conductor composed of normalizing coil OF (G.652 with length of 240 m) welded with "Panda" OF (length is 101 m).
"Panda" OF (except for sections 1.5 m from one side (from joint with OF-G. 652) and 2 m on the other hand (from the end) with room temperature (+25 C)) was placed in the heating chamber or in the cooling chamber. As the Fig. 5 and Fig. 6 show, the MBBS of "Panda" OF has at room temperature the only one peak (f B ) which frequency is 10.4 GHz. (OF-G.652 has the f B = 10.8 GHz.) Accordingly, the strain of the "Panda" OF is about -0.83 %, while the strain of the OF-G.652 is about -0.06 %.
The specific changes of the sections with increased temperature are clearly visible in the reflectograms. 
The displacement of the MBBS peak (shift of f B ) on the frequency axis towards increasing frequency on the heated "Panda" OF section is clearly visible in Fig. 5 and Fig. 6 .
The MBBS peak (f B ) of the "Panda" OF is observed on the frequency of 10.49 GHz. Accordingly, the "Panda" OF strain increased from -0.84 % to -0.71 %.
For comparison 3D-BOTDR reflectogram of the "Panda" OF for the heated (up to +140 C) section is shown in Fig. 7 and for the cooled section (down to -10 С) is presented in Fig. 8 . The multi-reflectogram corresponding to 3D-BOTDR reflectogram for the cooled section is displayed in Fig. 9 . The characteristic changes on the cooled section are well marked in the reflectograms. As the Fig. 8 and Fig. 9 show, the MBBS peak shift (f B ) on the frequency axis towards decreasing frequency on cooled OF sections.
The MBBS peak (f B ) of the "Panda" OF shifted to the frequency of 10.39 GHz. Therefore, the "Panda" OF strain decreased to -0.91 %.
Thus, in experimental researches the Brillouin frequency shift (f B ) for the "Panda" OF changed from 10.39 GHz to 10.53 GHz under temperature changes from -10 C to +140 C, while the "Panda" OF strain changed from -0.91 % to -0.64 %.
In the result of experimental studies [1] of "Panda" OF MBBS by means of the device of another type estimates were obtained for f B in the range of 10.58 GHz -10.59 GHz.
Results of MBBS experimental researches of "Panda" OF and other types of polarization maintaining fibers of the temperature dependences of the relative Brillouin frequency shift are obtained in work [2] .
V. CONCLUSION
The obtained results of the experiments detected significant differences of the MBBS behavior and strain in the EDF and "Panda" OF.
General trends in MBBS and strain changes in "Panda" OF depending on the temperature have a certain comparison with other common varieties of optical fibers [1 -8] .
The temperature characteristics of the strain and Brillouin frequency shift (f B ) of the "Panda" OF are below than the corresponding characteristics of the other OF types including the G.653 (DSF) [5 -8] .
The attained results of the experiments revealed considerable differences of the MBBS dependences for.
A decrease of the received signal level for fibers located after section containing EDF is detected.
A rise of the loss graphs on the level of about 3 dB at the distance corresponding to the middle of EDF section is remarked.
The temperature characteristics of the strain and f B of the EDF are above than the corresponding characteristics of the NZDSF (G.655), but pass below than the same characteristics of the G.657 and G.652 fibers [5 -8] .
The linear temperature of f B dependences and the suitable fiber strain characteristics are observed.
In further studies, the more longer EDF and the EDF with the pump light signal will be research.
